INTRODUCTION
All surgical procedures pose a risk of bleeding to the patient. Surgical site bleeding can cause complications of surgery and reoperation, and may lead to increased morbidity and mortality. 1, 2 Uncontrolled bleeding is also associated with higher rate of transfusions, which can negatively affect health outcomes and increase the cost of healthcare. [3] [4] [5] Certain conditions may exacerbate bleeding, such as use of anticoagulant drugs and comorbidities including obesity, arterial hypertension, diabetes mellitus and renal dysfunction. 6, 7 Among these factors, bleeding history and use of anticoagulants have been used as part of assessment tools to predict bleeding risk prior to surgical procedures. 7 Topical hemostats are the most commonly used adjunctive hemostatic products 8 , which have a mechanical surface to assist in clot formation. SURGICEL® topical hemostats consist of plant-derived oxidized regenerated cellulose (ORC). SURGICEL® ORIGINAL was the first SURGICEL® hemostat, a sheer woven ORC, and was approved by FDA in 1959. Advanced SURGICEL® products include SURGICEL® FIBRILLAR™, a fibrous ORC that can be peeled to form layers and tufts 9 , and SURGICEL SNoW®, an ORC with non-woven structure to increase surface contact with the bleeding site. These two advanced products were approved in 1996 and 2012, respectively. Recent studies indicated that SURGICEL SNoW® and SURGICEL® FIBRILLAR™ have faster times to hemostasis compared to SURGICEL® Original. 10 Although both SURGICEL® Original and advanced SURGICEL® hemostat products have been introduced to control bleeding, little is known about how these products are being used by surgeons in clinical practice. Based on the superior hemostatic properties of advanced SURGICEL® products in comparison with SURGICEL® Original, we hypothesized that advanced SURGICEL® products would be more frequently used among patients with characteristics for higher bleeding risk, and fewer units of advanced SURGICEL® products would be used for each surgery compared to SURGICEL® Original.
This study aimed to describe the real-world utilization pattern of both SURGICEL® Original and advanced SURGICEL® products in the clinical practice of a vertically integrated healthcare system. The nature of a vertically integrated system allows for seamless capture of all aspects of patient care from the inpatient to the outpatient setting as well as details regarding the resources consumed within surgical procedures are captured within a comprehensive EMR system (Epic Systems Corporation). The patient characteristics related to bleeding risk and the units of product used for each surgery were compared between SURGICEL® Original and advanced SURGICEL® products for a diverse spectrum of pooled common surgical procedures.
PATIENTS AND METHODS

Study design
This was a retrospective observational study utilizing electronic medical records (EMR) extracted from the health care information software (Epic Systems Corporation).
Data source
The data source for the study was the Henry Ford Health System (HFHS). The HFHS is a Michigan-based vertically integrated health system providing health insurance and healthcare delivery. In 2014, approximately 3.39 million outpatient visits and more than 73 000 surgical procedures were performed at the HFHS. 11 Surgery cases and other medical procedures were identified by ICD-9 and CPT codes. SURGICEL® usage records were extracted from surgery notes within Epic. Admission and discharge information were collected from patient encounter records.
Study period
Data were extracted for any patients who had a hospital admission for a relevant surgery between August 6, 2013 and June 18, 2015 based on the availability of the EMR. The index date was the date of first surgery with SURGICEL® usage. The first surgery with SURGICEL® usage for each patient was defined as the index surgery.
Study cohort
Only patients and surgery cases that met the following criteria were included in the analysis: 1) surgery was performed under inpatient setting; 2) patient aged ≥18 at index date; 3) received either a SURGICEL® Original or Advanced SURGICEL® product (patients who received both products were excluded from the analysis); 4) had identifiable and complete SURGICEL® usage records (with complete and verified information of product name for all SURGICEL® usage for the index surgery); 5) had related surgical procedures(as pre-specified in the analysis plan). Patients who had surgical procedures in more than one category were classified into a separate group as multiple surgeries.
Descriptive measurements
Both categorical and continuous variables were assessed for patient demographics and characteristics, surgery types, SURGICEL® usage, and health outcomes. Since both SURGICEL® Original and advanced SURGICEL® products are available in a series of package sizes, the units of SURGICEL® used per surgery were normalized to the most commonly used smallest package size (2"x3" for SURGICEL® Original and 1"x2" for advanced SURGICEL® products, respectively) to reconcile the discrepancy in the amount of ORC contained in different package sizes within each type of SURGICEL® product. Although 0.5"x2" was the smallest size for SURGICEL® Original, it was not selected as the standard package size because only 1 usage record was observed. Unit normalization as calculated as follows: normalized units = total surface area used per surgery / surface area of selected standard package size. Only patients with complete information of SURGICEL® size were included in this portion of the analysis. All SNoW® usages with missing size information were assigned to the size 2"x4", since only size 2"x4" was observed in SNoW® usage records. 2.6 Statistical analysis SURGICEL® FIBRILLAR™ and SURGICEL® SNoW® were grouped as advanced SURGICEL® products due to their similar hemostasis time. 12 All measurements were compared between SURGICEL® Original and advanced SURGICEL® product cohorts. Continuous variables were compared between the two cohorts by fitting generalized linear models with Poisson, normal, negative binomial distribution with SURGICEL® hemostat product type as covariate. The Akaike information criterion (AIC) was used to choose the distribution assumption of each outcome, and the model with the lower value for AIC was selected as the final model. Categorical variables were compared between the two cohorts using Chi-squared test. The statistical significance was evaluated at 5% significance level.
Data management, analysis file preparation and descriptive statistical analyses were performed using SAS 9.3 (SAS Institute, Cary NC).
RESULTS
Cohort selection
A total of 2605 patients were identified from the EMR system of HFHS with keywords related to SURGICEL® products, of which 560 patients were excluded by applying each of the following exclusion criteria step by step: 1) received unidentifiable SURGICEL® product type (3 patients); 2) aged younger than 18 on index date (21 patients); 3) only received unrelated SURGICEL® products (489 patients); 4) received both SURGICEL® Original and Advanced SURGICEL® products (47 patients) ( Figure 1 ). Of the remaining 2045 patients, 574 were further excluded due to unrelated surgeries and outpatient settings. Thus, 1,471 patients were included in the analysis.
Figure 1: Flowchart of study population selection
Patient demographics and characteristics
Among 1,471 patients, 450 received SURGICEL® ORIGINAL (53.33% male), and 1,021 received advanced SURGICEL® products (either FIBRILLAR™ or SNoW®) (59.55% male) ( Table 1 ). Advanced SURGICEL® products were observed to be used among more complex patients: a significantly greater proportion of patients given advanced SURGICEL® products had comorbidities (90.99% vs 85.56%, p=.0024), prior bleeding conditions (49.85% vs 30.89%, p<.0001), and prior use of anticoagulants (27.72% vs 5.33%, p<.0001) as compared to those who received SURGICEL® ORIGINAL (Table 1) .
Surgery type
The adoption of advanced SURGICEL® products was significantly different by surgery type ( Table  2) . Cardiovascular surgeons were the early adopters of advanced SURGICEL® products based on the large proportions of advanced SURGICEL® products used among cardiovascular surgeries compared to SURGICEL® Original (Coronary artery bypass grafting (CABG): 13.71% vs 1.56%, p<.0001; Valve replacement: 12.24% vs 0.67%, p<.0001; Valve replacement and CABG: 5.68% vs 0.22%, p<.0001). Advanced SURGICEL® products also were more likely to be used among laparoscopic cholecystectomy (14.10% vs 3.11%, p<.0001), nephrectomy (8.52% vs 3.33%, p=0.0002) and operations on kidney (9.99%vs 0.44%, p<.0001) compared to SURGICEL® Original. In contrast, advanced SURGICEL® products were less likely to be used during operations on thyroid and parathyroid glands (0.69% vs 7.56%, p<.0001), cerebral operations (1.96% vs 24.89%, p<.0001), laminectomy (0.49% vs 10.67% p<.0001) and lumbar fusions (including revisions) (0.20% vs 13.78%, p<.0001) compared to SURGICEL® Original. 
Hospitalization characteristics
Advanced SURGICEL® products were more likely to be used among severe surgical cases with longer mean length of hospital stay (10.71 vs 8.06 days, p<.0001) and longer mean length of ICU stay (10.00 vs 8.72 days, p=0.0220) compared to SURGICEL® Original ( Table 3 ). The mean duration of surgery was longer among surgery cases that adopted advanced SURGICEL® products compared to SURGICEL® Original cases (238.14 vs 190.26 minutes, p<.0001). The surgery cases that experienced major bleeding events requiring more units of red blood and whole blood transfusions were more likely to use advanced SURGICEL® than SURGICEL® Original (red blood: 0.67 vs 0.30 units, p=<.0001; whole blood: 0.11 vs 0.02 units, p=<.0001). Advanced SURGICEL® products were more likely to be used in severe surgical cases requiring a blood transfusion on surgery day than SURGICEL® Original (24.29% vs 14.00%, p<.0001). 
DISCUSSION
We described the real-world utilization pattern of increased adoption of advanced SURGICEL® products in comparison with SURGICEL® Original in a vertically integrated healthcare system using data collected from EMRs. In this study, we found that advanced SURGICEL® products were more likely to be used among patients with comorbidities, prior bleeding conditions, and prior use of anticoagulants. This suggested that surgeons observed here had a tendency to use advanced SURGICEL® products for patients with higher risk profiles possibly in order to achieve better management of bleeding. Advanced SURGICEL® products were also more likely to be adopted among surgery cases with higher resource utilization, including length of hospital stay, ICU stay, duration of surgery, and units of red blood cell and whole blood transfusions. These results were aligned with patient risk profiles within each treatment cohort, which altogether imply that advanced SURGICEL® products are more likely to be used in more complex surgical cases and among higher risk patients.
Adoption trends, in this hospital, of advanced SURGICEL® products varied by surgery type and surgical specialty. Cardiovascular surgeons appeared to be early adopters of advanced SURGICEL® products. Such phenomena may potentially be driven by the imperative demand for advanced hemostatic products with high efficiency among patients at higher risk for bleeding. Similar preference to advanced SURGICEL® products was also observed among laparoscopic cholecystectomy, nephrectomy and operations on kidney. However, SURGICEL® Original was still used as the main topical hemostatic product in operations on thyroid and parathyroid glands, cerebral operations, laminectomy and lumbar fusions (including revisions). To better cope with the problem of surgical bleeding, the use of appropriate hemostatic products with the right procedure requires further research and continuing education.
Although advanced SURGICEL® products were mostly used in surgical cases with higher bleeding risk, fewer overall normalized units of advanced SURGICEL® products were used in each surgery compared to SURGICEL® Original, which implies that surgeons are making informed decisions on the appropriate use of hemostats taking into account bleeding risk as well as resource efficiency.
Since advanced SURGICEL® products were largely used in more complex surgical cases and in higher risk patients, it was difficult to assess the advanced SURGICEL® products' impact on health outcomes and resource utilization. Further research is needed to investigate the implications of the efficiency of topical adjunctive hemostats on patient outcomes, hospital costs, and resource utilization in continuous oozing bleeding situations as this study was not designed to make any causal conclusions.
CONCLUSIONS
In conclusion, advanced SURGICEL® products were observed as more likely to be used in patients with higher risk profiles, including comorbidities, prior bleeding conditions, and prior use of anticoagulants. Furthermore, advanced SURGICEL® products were more highly adopted in cardiovascular surgeries and more complex surgical cases. Despite advanced SURGICEL® products being utilized in higher risk bleeding situations, fewer overall normalized units were required per patient case as compared to SURGICEL® ORIGINAL, suggesting the utility of these topical adjunctive hemostats. These observations warrant further investigation into the implications of topical hemostat efficiency on health outcomes, hospital resource utilization, and hospital costs.
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